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DEVELOPMENT OF ENGINE FAULT EQUATIONS
Fan Zuomin, Sun Chunlin, Lin Zhaofu, Gao Haichuan
( Givil Aviation Institute of China)

ABSTRACT The engine diagnosis problem lies in solution of the engine fault
equations which express the relationships between the measurements and a large set of possible
but improbable mulfunctions. The engine fault equations are generally underdetermined and can
be solved by the aid of Main Characteristic Parameter Model (MCPM) suggested by the
authors. The engine fault equations are based on engine fault samples and can be called
empirical fault equations. T he empirical fault equations are similar to fault equations obtained
by single factor experiments, but the engine fault samples are used instead of the results of
special experiments. Differing from the small change equation, the em pirical fault equations are
easily obtained and are of great use for diagnosis of such faults which are difficult to be
diagnosed by employing small change equations. Some practical examples of engine fault

diagnosis are also given. The fault diagnosis results obtained from are very satisfactory.

FINITE ANALYTIC SOLUTION OF TURBULENT FLOW
FIELD THROUGH CASCADE OF AIRFOIL

Xu Diao and Wu Guochuan ( Nanjing Aeronautical Institute)

ABSTRACT The finite analytic method is used in the present study to calculate
the turbulent flow field described with Navier-Stokes equations in body-fitted curvilinear
coordinate system. T he finite analytic method invokes the analytic solution of governing partial
differential equations in formulating the algebraic equations that relates a nodal value in an
element to its neighbouring nodal values. The major feature of the finite analytic method is its
ability to simulate automatically the upwind influence of neighbouring nodal values according to
direction and magnitude of convection. It is shown that the finite analytic method has good
numerical stability and accuracy. T he turbulent flow fields through a two-dimensional channel
and a cascade of airfoil are numerically simulated by using finite analytic method in the present
study. The k—-€turbulence model and wall function method are also employed. T he agreement

of numerical solution with experimental data is quite good.

FLOWFIELD MATRIX SOLUTION ON S: STREAMSURFACE

IN A CENTRIFUGAL COMPRESSOR
Hua Yaonan (Academia Energetics R&D Center)
ABSTRACT The existing flowfield matrix solution method on St stream surface
for the calculation of flowfield in an axial compressor is extended to calculation of flowfield in a
centrifugal compressor. The stream function governing equation of fluid flow has been
established with respect to non-orthogonal curvilinear coordinates.- By the aid of artificial
compressibility method, the discretzation of the partial differential equation is accomplished
with the standard central difference formula. The set of linear algebraic equations obtained is

solved by means of the direct matrix method. The velocities at grid nodes are first determined
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by integrating the momentum equation and then the densities are obtained from the energy
equation. Nine numerical examples of three types of the centrifugal compressors show that the
solution obtained by the present method is in good agreement with experimental data, provided

that there is no large flow separation in compressors.

PREDICTION OF LONG BLADE FLUTTER IN A STEAM TURBINE
Tao Deping, Yang Xiaodong, Zhou Shen
(Beij ing University of Aeronautics and Astronautics)

ABSTRACT The flow characteristics of the last stage of the steam turbine are
analysed on the basis of the results obtained from the cascade experiments and flow field
calculation. Inthe case of low volumetric flow rate, the large scale separation occurs in the last
stage rotor hub, and the height of separated flow region increases as the volumetric flow rate
decreases. Flow separation appears at the blade pressure surface as the bulk flow enters the
rotor with large negative incidence. T he flow in the rotor can be divided into three regions =™
a separated hub flow region, an attached-flow region and a separated-flow region. The
dimensions of the three regions vary with the flow rate. The flow pattern in the last stage is
very complicated. Aseries of deforming actuator disk methods and a numerical method have
been developed to predict the blade flutter. The deforming actuator disk method system is
applicable to calcalating 2-D and 3-D unsteady flow fields and also to calculating the bending
mode and the torsional mode blade flutters. The analytical and numerical deforming actuator
disk methods for predicting the blade flutter in a compressor or a steam turbine have been
developed in consideration of variability of or invariabiity of the interblade phase angle. The
small-disterbance potential amplitude equation is adopted in the numeried method for unsteady
flow in the cascade, while the airfoil thickness and bending degree are arbitrary and the rotating
finite difference scheme is employed in the calculaton of transonic flow field. T he comparison
between the computational and the experimental results shows that the presented methods are

feasible in prediction of the flutter in blade design.

NUMERICAL SIMULATION OF TRANSITIONAL FLOWS

OVER A FLAT PLATE
Jiang Hongde (Institute of Engineering Thermap hysics)
J. G. Moore and J. Moore (Virginia Polytechnic Institute and State University)
ABSTRACT A new version of one-equation turbulence model for predicting the
incompressible, transitional flow over a flat plate is developed. Based on an analysis of the
existing one-equation models and some physical features of the transitional flow, both the eddy
viscosity and turbulence length scale in the turbulence kinetic energy equation are modified in
order to bring the low Reynolds number effect into the new model. T he capability of this model
for predicting the transitional flow is demonstrated by an extensive numerical testing for flat
plate flow under free stream turbulence intensity ranging from 0. 03 to 8 percent. Both the start
and length of the transition are correctly predicted. Comparison of the calcutated results of both
the mean and fluctuating flow properties with experimental data indicates the agreement

between them is very good. A time-averaged picture for a complete boundary flow from purely



